ABSTRACT BACKGROUND: Studies have suggested that identification of aberrant palmar creases may give clues for an early and noninvasive method of diagnosis of certain disease conditions. Toward this purpose, awareness of the normal variants of palmar creases must be first recognized. Accordingly, this study aimed to investigate the patterns of palmar creases in healthy Ethiopian population among Medical and Dental Students in Addis Ababa. SUBJECTS AND METHODS: Right and left palm pictures from 318 (177 females and 141 males) participants were taken using a mobile camera, and evaluated qualitatively. Observations were analyzed by Fisher's exact test, and significance levels for comparisons were set at p<0.05. RESULTS: Aberrant creases were observed in 13.8% of the palms. Simian crease was the most common among the aberrant crease types, followed by Suwon and Sydney. Palmar creases with two and three points of origin were significantly more common, respectively, in males and the females. Minor variants as accessory to the radial longitudinal crease and middle longitudinal crease were also observed. CONCLUSION: This study suggests that aberrant crease types at the observed frequencies may not be indicative of known disease conditions as they occurred in apparently healthy Ethiopians. However, the results of this study, besides revealing the patterns of palmar creases among Ethiopians, could give a baseline for studies aimed at diagnosis of disease conditions based on palmar crease configurations. Further qualitative and quantitative studies of palmar creases in wider populations with various conditions, including ethno-geographic factors, are recommended.
radial side of the palm and runs medially slightly curving proximally to terminate at the medial border of the hypothenar eminence. The DTC begins proximal to the interdigital space between the index and middle fingers and runs to the ulnar side of the palm, showing a slight distal ward concavity. Normally, both the PTC and DTC do not span the entire width of the palm (2) . Several additional minor creases may also present over the palm (1) .
According to the manner of origins of the three primary creases on the radial side of the palm, creases are classified into one, two or three points of origin (3, 4) . Furthermore, variants of each of the three major creases may occur as branched, forked, broken (with detached parts) or cascade (several broken parts that run in a closely overlapping manner), and accompanied by accessory crease which is parallel and more than half the length of the parent crease (5) .
Based on the relationships between PTC and DTC, palmar creases are classified into Simian, Sydney and Suwon creases. The Simian crease is a single transverse crease formed by the fusion of PTC and DTC and extends the entire width of the palm (1) . It looks like the palmar crease of nonhuman primate animals. The Sydney crease represents a very long version of the PTC, which crosses the whole width of the palm, while the DTC appears normal (6) . It was first described and named in Sydney, Australia (6) .The Suwon crease, first identified in Suwon, Korea (5) , has a crease that extends across the entire width of the palm which is formed by the fusion of PTC and DTC, or as an extended version of distal transverse crease, with an accessory proximal transverse crease.
The patterns of palmar creases are established during the embryonic and early fetal periods and remain unchanged thereafter (7, 8) . It is determined by the interactions of genetic and environmental factors (9) . As the result, various genetic abnormalities and teratogens can affect the patterns of palmar creases. It is thus speculated that deviations in the configurations of palmar creases could be indicative of insults during early intrauterine development. Numerous studies have also indicated associations of aberrant patterns of palmar creases with different disease conditions suggesting for a polygenic inheritance manner, the same as the Dermatoglyphic features (10). Such described abnormalities which are associated with aberrant epidermal creases, in particular Simian and/or Sydney creases, include: Turner's syndrome (9,11), Down's syndrome (12) , Cri du-chat syndrome (13) , congenital deafness (14) , mental retardation (15) , hyperactivity (16) , fetal alcoholic syndrome (17) and low birth weight (8) . In relation to this, palmar crease analysis has been suggested as a valuable tool which could be employed in the early prediction of various congenital anomalies (5, 9, 18) . The use of palmar creases for such purpose is practically convenient as they can be analyzed quickly and easily, and are cheaper (19) . However, for such endeavor and for the identification of abnormal palmar crease patterns, the normal variants must be first recognized. Although many studies on palmar crease patterns have been conducted in different parts of the world, there are only limited studies carried out so far in Africa (20) (21) (22) (23) , and nothing in Ethiopia. African populations are more genetically diverse than nonAfrican populations (24, 25) . There is also evidence from genetic studies for migration of Semitic speaking people from Arabia into Ethiopia (26, 27) . It is not known if such genetic diversity in Ethiopian populations may be reflected on their patterns of palm creases. This study is, therefore, aimed to investigate the pattern of palmar creases in a population among healthy Ethiopian volunteers of Medical and Dental students. The findings from this study, besides revealing the patterns of palm creases of Ethiopian population, could be used as a baseline for further studies toward the determination of aberrant palmar crease patterns, which could give clues for an early detection of any possibility of congenital anomalies in quicker, easier, and cheaper manner during perinatal examination.
SUBJECTS AND METHODS
Sampling technique: Systematic random sampling method was used for recruiting volunteers among students at five medical and dental colleges in Addis Ababa. All eligible volunteers irrespective of age, gender, and ethnicity were included. Subjects who did not agree to participate in the study and those with abnormal palm were excluded from the study. Source population: The source population was all students of Doctor of Medicine and Doctor of Dental Medicine programs in public and private Colleges in Addis Ababa, Ethiopia. These included School of Medicine of Addis Ababa University (public), and Africa, Bethel, Hayat and Sante Medical Colleges (private). Sample size determination: The sample size was determined using the one population formula (28) . At 95% level of confidence, expected prevalence of 15.6% variants (5), 4% precision, and addition of a 10% non-responding rate, 327 participants were needed. First year students were randomly selected, and systematic random sampling was used for recruiting every other student in the list. A total of 318 students, comprising of 177 females and 141males, aged 17-32 years were included in the study, while 9 students failed to respond.
Data collection:
The study was conducted during the months of June to August, 2018. Right and left palm pictures were obtained using HTC One M9 mobile camera with 20mp resolution in accordance with the study and recommendation by Stelin Wersely et al. (29) . Pictures were printed on A4 plain papers onto which age and sex of the participants, and sides of the palms were recorded. For purpose of confidentiality, identifying codes were used to keep participants' privacy. Based on the relationships between the PTC and DTC, palmar creases were identified as Simian, Sydney, and Suwon creases. According to the manner of origins of the three primary creases on the radial side of the palm, creases were classified into one, two or three points of origin (3, 4) . Furthermore, each of the three major creases was studied in detail for any variants and was classified according to Park et al.(5) as: branched, forked, accessory, broken or cascade.
Identifications of palmar creases were done on both right and left hands. The levels of symmetry of the creases on both hands were also assessed. Statistical analysis: Data entry and statistical analysis were performed using, respectively SPSS (version 23) and Open Epi (version 3.01) statistical softwares. Fisher's exact test was used to analyze significance levels at p<0.05. Ethical consideration: Ethical clearance was obtained from Institutional Review Board of the College of Health Sciences, Addis Ababa University. Prior to the study, informed consent statement was fully explained and a written consent was obtained. Participants were properly informed about the objectives, relevance, and purpose of the study, and assured about the confidentiality of the data.
RESULTS
Various types of non-variant and aberrant palmar creases were observed (Figure1). Out of the total of 636 palms studied from 177 females and 141 males, aberrant types of creases were seen on 88 (13.8%) palms (Table 1) . Simian crease was the most frequent aberrant crease type detected on 40 (6.3%) palms, followed by Suwon and Sydney, which were found respectively on 26 (4.1%) and 22 (3.5%) palms. Although the frequencies of the aberrant palmar creases differed between females and males, as well as the two sides; none of these was significant at P<0.05. With regard to laterality, 13(7.3%) and 7 (5.0%) of the females and males, respectively, had similar aberrant palmar creases bilaterally. On the other hand, 25(14.1%) and 23(16.3%) palms, respectively, from females and males had unilateral aberrant creases. Overall, more frequent unilateral aberrant palmar creases were seen on the right than the left palms, although this was not statistically significant. No association among the different aberrant palmar creases was observed. All participants with unilateral aberrant palmar creases, except two males, had non-variant crease on their other palms. Only one male had Simian on the right and Suwon on the left, while another one had Suwon on the right and Simian on the left palms.
Palmar creases with two points of origin were the most frequent type observed, followed by three and one points of origin in both females and males, as well as right and left sides ( Table 2) .
Two points of origin were significantly more frequent on the males' palms, 240(85.1%), compared to those of the females', 252(71.2%). On the other hand, females' palm showed significantly more creases with three points of origin, 92(26.0%), compared to those from the males 34 (12.1%). (Table 2) . Palmar creases with two points of origin were significantly more common bilaterally in the males', and unilaterally in the females' left palms. On the other hand, palmar creases with three points of origin were significantly more prevalent in the females bilaterally as well as on the right palms unilaterally. All participants, except one, whose palms showed unilateral one or three points of origin, had two points of origin on their other palms. Only one female with one point of origin on the left palm had three points of origin on the right palm. Two points of origin were seen in the majority of all types of palmar creases, both nonvariant and aberrant, except for male palms with Simian and female palms with Sydney creases (Table 3) . On the contrary, one point of origin occurred only in the Simian crease type. In some of the participants, the major palmar creases had variable types of variants ( Figure 2 ). The RLC had relatively the highest frequencies of variants 219 (34.4%) compared to PTC 97 (15.2%) or DTC 79 (12.4%). Among the RLC, accessory crease was the most frequently observed additional variant crease in both sexes (Table 4) . This was more frequent (significantly in the females but non-significantly in the males) on the right compared to the left palms. The most frequent variant crease types in the PTC and DTC were, respectively, branched and cascade (Tables 4) .
Among the DTC, cascade variant was nonsignificantly more prevalent on the left than the right sides.
A minor crease variant, which was described as middle finger crease (1,21), was seen running longitudinally from the region of the wrist toward the metacarpophalangeal joint of the middle finger crossing the PTC and DTC (Figure 2 ). It occurred with an overall prevalence of 58(9.1%), more unilaterally. Bilaterally, it was seen on 5(2.8%) and 4(2.8%) female and male palms, respectively. It was significantly more prevalent on the right than the left palms, respectively, with values of 17 (9.6%) females' and 15(10.6%) male' palms compared to 3(1.7%) females' and 5(3.5%) males' palms. 
DISCUSSION
Incidence of the aberrant palmar creases described as Simian, Sydney and Suwon creases show remarkable variations among different studies carried out on different populations. Among the aberrant palmar creases observed in this study, Simian crease was the most frequent. This is consistent with reports by other authors (5, 20, 30) . This value for Simian crease as 6.3% is relatively closer and between those of the Jews (4.6%) and the Arabs & Berbers (7.9%) and Hausas of Northern Nigeria (8%), reported previously (23,31). It is, however, more and less than several other studies in various populations with variable figures ranging from 1.2% in the Swiss to 34.7% in the Pygmies (5, 20, 30, 31) .
Overall, bilateral occurrence of Simian crease was slightly more frequent than unilateral occurrence, and was most frequent on the female left palms. These are different from a previous study report from Central India (30) where unilateral occurrence was slightly greater than bilateral occurrence, with more frequent on the male right palms.
The other aberrant palmar creases observed in this study were Suwon (4.1%) followed by Sydney (3.5%) types with slight unilateral preponderances. Sydney crease occurred more frequently on the female right palms, while Suwon crease occurred more in the males with no side difference. These are in line with previous study reports where Suwon crease was more common in males (30) , while Sydney crease was more frequent in females (30, 32) . No association among the different aberrant creases was observed, except for two subjects who had Simian on one palm and Suwon on the other. This is partly in line with the study by Sharma and Sharma (30) in India who have reported three subjects with Simian crease on one hand and Suwon crease on the other hand.
The variable correlations in the values of the different aberrant creases with those of other studies is not surprising as previous studies also presented unpredictable figures among different populations (26, (28) (29) (30) . This could be because of several reasons including ethno-geographic factors and different population sampling. The ethnogeographic factor may be important in this study in light with the presumed relatively more diverse genetic make-up in the Ethiopians than other populations (26, 27) . This study involved normal individuals engaged in Medical or Dental education who are apparently healthy and relatively intelligent as they were able to join these programs competitively based on similar criteria of better performance in the national examination. As a result, they are relatively homogeneous across the years. Moreover, because palm crease patterns are determined during embryonic and fetal period and remain unchanged, regardless of age (7, 8) , the findings from the randomly sampled year one students could reflect the patterns of palm creases in the whole students' population. Concomitantly, the incidence of the aberrant palmar creases in the observed frequencies may not necessarily indicate abnormalities. In line with this, aberrant palmar creases, particularly Simian crease have also been previously observed in apparently normal individuals in several populations, including Nigerians (20, 21) , Koreans (5),Central Indians (30) and Americans (4). Furthermore, some individuals with Simian crease were even described as exceptionally intelligent (31, 32) . On the contrary, aberrant palmar creases are also known to be associated with many disease conditions as stated above (8, 9, (11) (12) (13) (14) (15) (16) (17) .
Within the same population, the pattern of palmar creases may vary between the two sexes and sides. Indeed, in this study, remarkable differences were observed between females and males in relation to the prevalence of points of origin and presence of minor creases. Two pints of origin was the main type of commencement in all types of the creases, in both sexes and sides, with an overall prevalence of 77.3%. This is consistent with other studies in different populations (4, 5, 22) .
Furthermore, three points of origin occurred mainly in the non-variant crease type, with only a small number of occurrence in the Sydney and Suwon crease types. On the other hand, all palmar creases with one point of origin occurred only in the Simian crease type. It, therefore, appears that unlike the two and three points of origin, which are non-specific to a crease type, one point of origin may be an indicative of Simian crease as was also suggested by Mattisonet al. (4) .
The reason for such association of points of origin with gender and sides is not certainly known. This may be related to the relatively stronger flexed grip in the males than females, and right than left palms. Indeed, Park et al. (5) suggest that palm creases with more united major creases and have fewer points of origin, may be more frequent on palms that are adapted for a stronger flexed grip.
In this study, RLC was found to have the most frequent variants, followed by PTC and then DTC. Accessory type of variant was the most frequent in the RLC and was more common on the right palms. This is in contrast to the study in the Korean population, where branched variant was the most prevalent in all the three major creases (5) . Furthermore, a middle finger crease was seen as an additional minor variant with a total frequency of 9.1%, and was more frequent on the right than the left palms. Middle finger crease was previously reported with variable prevalence among different Nigerian populations (21). Park et al. (5) consider that minor variant crease types appear more as compensation and for a uniform distribution of creases over the palm when the major crease types are less developed. In light with such an opinion, further quantitative studies may be required to investigate why the currently observed minor variants were more on the right than the left sides.
In conclusion, all types of palmar creases are present in the studied population. Furthermore, the various aberrant crease types detected may not be indicative of known disease conditions at the observed frequencies, as they occurred in apparently healthy individuals. However, they may be associated with several factors such as ethnicity, gender, handedness, and levels of strength in palm flexion. Further systematic qualitative and quantitative studies of the configurations of palmar creases may, therefore, be needed in wider populations with different conditions. Nevertheless, the findings from this study, in addition to revealing the status of palmar creases among Ethiopians, could give a baseline for further studies aimed towards acquiring clues for diagnosis of disease conditions based on palmar crease configurations.
